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SHIFT REGISTER CIRCUIT AND IMAGE
DISPLAY APPARATUS CONTAINING THE
SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a shift register circuit, and
more particularly to a shift register circuit used as a scanning-
line driving circuit 1n an 1image display apparatus, or the like,
which 1s formed only of field effect transistors of the same
conductivity type.

2. Description of the Background Art

In an 1image display apparatus (hereinafter, referred to as
“display apparatus™) such as a liquid crystal display, a plural-
ity of pixels are arranged 1n a matrix in a display panel and a
gate line (scanning line) 1s provided for each row of pixels
(pixel line) 1n the display panel. In a cycle of one horizontal
period of a display signal, the gate lines are sequentially
selected and driven, to update a displayed image. As a gate
line driving circuit (scanning-line driving circuit) for sequen-
tially selecting and driving the pixel lines, 1.e., the gate lines,
a shift register may be used, which performs a round of shiit
operation 1n one frame period of the display signal.

In order to reduce the number of steps 1n a manufacturing
process for a display apparatus, 1t 1s preferable that the shift
register used as the gate line driving circuit should be formed
only of field effect transistors of the same conductivity type.
Therefore, various types of shift registers formed only of
N-type or P-type field efiect transistors and display appara-
tuses containing such shift registers have been proposed (e.g.,
Japanese Patent Application Laid Open Gazette Nos. 2004 -
78172 and 8-87897 (Patent Documents 1 and 2)). As a field

elfect transistor, a MOS (Metal Oxide Semiconductor) tran-
sistor, a TFT (Thin Film Transistor) or the like 1s used.

Other references are Japanese Patent Application Laid
Open Gazette Nos. 10-500243, 2001-52494 and 2002-

133890 (Patent Documents 3, 4 and 3).

A shift register as a gate line driving circuit consists of a
plurality of cascaded shift register circuits each of which 1s
provided for one pixel line, 1.e., one gate line. In this specifi-
cation, for simple discussion, each of a plurality of shait
register circuits which form a gate line driving circuit 1s
referred to as a “‘unit shift register”.

In a background-art gate line driving circuit, unit shift
registers are connected 1n cascade with an output terminal of
cach unit shift register 1s connected to an input terminal of 1ts
succeeding-stage unit shift register. Specifically, a unit shift
register needs to drive not only a gate line but also the suc-
ceeding-stage unit shift register by using an output signal, and
therefore, to an output terminal of each unit shaft register, both
the gate line which 1s thereby driven and an input terminal of
the succeeding-stage unit shift register are connected (see,
e.g., FIG. 5 of Patent Document 1). With this constitution,
however, a load on the gate line exerts an influence upon the
input terminal of the succeeding-stage unmit shift register, to
thereby cause a delay 1n an output signal. The signal delay
increases as the stage becomes posterior in the cascade con-
nection, and sometimes, this eventually causes a problem in
display.

On the other hand, a unit shift register shown 1n FIG. 12 of
Patent Document 1 has a constitution 1n which an output
signal (gate line driving signal) for driving a gate line and an
output signal (carry signal) for driving the succeeding-stage
unit shift register are outputted from 1ndividual output termi-
nals by using individual transistors. This reduces an influence
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2

that the load on the gate line exerts upon an mput terminal of
the succeeding-stage unit shift register and therefore allevi-
ates the above problem.

In the unit shift register of Patent Document 1, though a
transistor (transistor M1 in FIG. 12 of Patent Document 1) for
activating a gate line driving signal and a transistor (transistor
TR1 1n the same figure) for activating a carry signal are
separately provided, gates (control electrodes) of these two
transistors are connected to the same node (node N1 of the
same figure). The gate of the transistor for activating the gate
line driving signal 1s stepped up at the rise of the gate line
driving signal by the coupling of gate-channel capacitance of
the transistor and a capacitive element (capacitor C of the
same figure) connected between a gate and a source of the
transistor. Therelfore, 1n the shift register of Patent Document
1, a gate of the transistor for activating the carry signal 1s also
stepped up at the rise of the gate line driving signal. As a
result, an influence of the gate line driving signal 1s exerted
upon the carry signal.

For this reason, when the rising speed of the gate line
driving signal becomes lower due to vanations in ambient
temperature, threshold voltage of a transistor or the like, the
rising speed of the carry signal accordingly becomes lower
and this disadvantageously makes 1t difficult to perform a
high-speed operation.

SUMMARY OF THE INVENTION

It 1s an object of the present ivention to achieve a faster
operation of a shift register circuit which 1s capable of indi-
vidually outputting a signal (carry signal) for driving another
shift register circuit and a signal (gate line driving signal) for
driving a gate line, by suppressing an influence between the
two signals.

The present invention 1s intended for a shift register circuit.
According to the present invention, the shift register circuit
includes a first clock terminal, first and second output termi-
nals and first to fourth transistors. The first transistor supplies
a first clock signal mputted to the first clock terminal to the
first output terminal. The second transistor discharges the first
output terminal. The third transistor supplies the first clock
signal to the second output terminal. The fourth transistor
discharges the second output terminal. The shift register cir-
cuit of the present mvention further includes a first driving
circuit connected to a control electrode of the first transistor,
for driving the first transistor and a second driving circuit
connected to a control electrode of the third transistor, for
driving the third transistor. In the shiit register circuit of the
present 1vention, the first dniving circuit and the second
driving circuit perform charge/discharge of the control elec-
trode of the first transistor and charge/discharge of the control
clectrode of the third transistor, respectively, at the same
timing.

In the shiit register circuit of the present invention, though
the level of the control electrode of the first transistor and that
of the control electrode ol the second transistor change almost
similarly, these transistors are charged/discharged by the
individual driving circuits (the first and second driving cir-
cuits). The control electrode of the first transistor 1s stepped
up at the rise of the level of the first output terminal and the
control electrode of the third transistor 1s stepped up at the rise
of the level of the second output terminal. Therefore, even 1f
a delay 1s caused 1n either of signals of the first and second
output terminals, the delay exerts no intluence upon the other
signal.

It 1s assumed, for example, that a plurality of shift register
circuits of this present invention are connected in cascade to
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form a gate line driving circuit of a display apparatus. When
a signal of the first output terminal of each shift register circuit
drives a gate line and a signal of the second output terminal
drives another shift register circuit, even it a delay 1s caused 1n
the signal of the first output terminal by a load on the gate line,
the speed of the second output signal can be maintained. It 1s
t
C

nerefore possible to ensure a faster operation of the gate line
riving circuit.

These and other objects, features, aspects and advantages
of the present invention will become more apparent from the
tollowing detailed description of the present invention when
taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a schematic block diagram showing a constitution
of a display apparatus in accordance with preferred embodi-
ments of the present invention;

FI1G. 2 1s a block diagram showing a constitution of a gate
line driving circuit 1n accordance with a first preferred
embodiment;

FIG. 3 1s a circuit diagram showing a configuration of a unit
shift register 1n accordance with the first preferred embodi-
ment;

FI1G. 4 1s a circuit diagram showing a variation in configu-
ration of the unit shift register in accordance with the first
preferred embodiment;

FIG. 5 1s a timing chart showing an operation of the gate
line driving circuit in accordance with the first preferred

embodiment;

FI1G. 6 15 a circuit diagram showing a configuration of a unit
shift register 1n accordance with a second preferred embodi-
ment;

FI1G. 7 1s a circuit diagram showing a configuration of a unit
shift register 1n accordance with a third pretferred embodi-
ment;

FIG. 8 1s a block diagram showing a constitution of a gate
line driving circuit 1n accordance with the third preferred
embodiment;

FIG. 9 1s a circuit diagram showing a configuration of the
gate line driving circuit in accordance with the third preferred
embodiment;

FIG. 10 1s a ttiming chart showing an operation of the umit
shift register 1n accordance with the third preferred embodi-
ment,

FI1G. 11 1s a graph showing an effect of the unit shift register
in accordance with the third preferred embodiment;

FI1G. 12 1s a circuit diagram showing a variation of the third
preferred embodiment;

FIG. 13 15 a circuit diagram showing a configuration of a
unit shift register i accordance with a fourth preferred
embodiment;

FIG. 14 1s a circuit diagram showing a configuration of a
unit shift register in accordance with a fifth preferred embodi-
ment;

FIG. 15 1s a circuit diagram showing a configuration of a
unit shift register i accordance with a sixth preferred
embodiment;

FIG. 16 1s a circuit diagram showing a configuration of a
unit shift register 1n accordance with a seventh preferred
embodiment;

FI1G. 17 1s a circuit diagram showing a configuration of a
unit shift register 1n accordance with an eighth preferred
embodiment; and
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4

FIG. 18 1s a circuit diagram showing a configuration of a
umt shift register 1 accordance with a ninth preferred
embodiment.

DESCRIPTION OF THE PR.
EMBODIMENTS

(L]
Y

ERRED

Preferred embodiments of the present invention will be
discussed hereinbelow, referring to the accompanied draw-
ings. To avoid repeated and redundant description, elements
having the same or corresponding functions are represented
by the same reference signs in the drawings.

The First Preferred Embodiment

FIG. 11s a schematic block diagram showing a constitution
of a display apparatus 1n accordance with the first preferred
embodiment of the present invention. As a typical example of
the display apparatus, 1n FIG. 1, an overall constitution of a
liquad crystal display 10 1s shown.

The liquid crystal display 10 comprises a liquid crystal
array part 20, a gate line driving circuit (scanning-line driving
circuit) 30 and a source driver 40. As will be described later
explicitly, a shiit register of the first preferred embodiment 1s
mounted on the gate line driving circuit 30.

The liquid crystal array part 20 includes a plurality of
pixels 25 which are arranged 1in a matrix. Rows of the pixels
(heremafiter, also referred to as “pixel lines™) are provided
with gate lines GL,, GL., . . . (hereinaiter, also generically
referred to as “gate lines GL”), respectively, and columns of
the pixels (heremnatter, also referred to as “pixel columns™)
are provided with data lines DL,, DL,, . . . (heremafter,
generically referred to as “data lines DL”), respectively. FIG.
1 representatively shows the pixels 25 of the first and second
columns 1n the first row and the corresponding gate line GL,
and the corresponding data lines DL, and DL,

Each pixel 25 has a pixel switching element 26 disposed
between the corresponding data line DL and pixel node Np,
and a capacitor 27 and a liquid crystal display element 28
which are connected 1n parallel between the pixel node Np
and a common electrode node NC. The crystal orientation of
the liquid crystal display element 28 changes in accordance
with the potential difference between the pixel node Np and
the common electrode node NC, and 1n response to this
change, the display luminance of the liquid crystal display
clement 28 changes. It thereby becomes possible to control
the luminance of each pixel by a display voltage transmitted
to the pixel node Np through the data line DL and the pixel
switching element 26. In other words, an intermediate poten-
tial difference between a potential difference corresponding
to the maximum luminance and a potential difference corre-
sponding to the minimum luminance 1s applied between the
pixel node Np and the common electrode node NC, to thereby
obtain halftone luminance. Therefore, by setting the above
display voltages stepwise, grayscale luminance can be
obtained.

The gate line driving circuit 30 sequentially selects and
drives the gate lines GL 1n a predetermined scanning cycle.
Each pixel switching element 26 has a gate electrode con-
nected to the corresponding gate line GL. While a certain gate
line GL 1s selected, the pixel switching element 26 1n each of
the pixels 25 connected to the selected gate line GL 1s brought
into the conducting state, to thereby connect the pixel node
Np to the corresponding data line DL. Then, the display
voltage transmitted to the pixel node Np 1s held by the capaci-
tor 27. In general, the pixel switching element 26 1s a TFT



US 7,825,388 B2

S

which 1s formed on an 1nsulator substrate (a glass substrate, a
resin substrate or the like) on which the liquid crystal display
clement 28 1s also formed.

The source driver 40 1s provided to output the display
voltages which are set stepwise by a display signal SIG which
1s an N-bit digital signal, to the data lines DL. As an example,
the display signal SIG 1s assumed to be a 6-bit signal includ-
ing display signal bits DBO0 to DBS. With such a 6-bit display
signal SIG, 2° (=64) levels of gray can be displayed in each
pixel. Further, by forming one color display unit using three
pixels of R (Red), G (Green) and B (Blue), a display of
approximately 260 thousand colors can be achieved.

As shown 1n FIG. 1, the source driver 40 includes a shiit
register 50, data latch circuits 52 and 54, a gradation voltage
generating circuit 60, a decoder circuit 70 and an analog
amplifier 80.

In the display signal SIG, the display signal bits DBO0 to
DBS for the display luminance of each pixel 25 are serially
generated. In other words, the display signal bits DBO0 to DBS
at each timing indicate the display luminance of one pixel 235
in the liquid crystal array part 20.

The shift register 50 gives an nstruction to the data latch
circuit 52 to capture the display signal bits DB0 to DBS 1n
synchronization with a cycle in which the setting of the dis-
play signal SIG 1s changed. The data latch circuit 52 sequen-
tially captures serially-generated display signals SIG to latch
the display signals SIG for one pixel line.

A latch signal LT inputted to the data latch circuit 54 1s
activated at th timing when the display signals SIG for one
pixel line are captured by the data latch circuit 52. In response
to this, the data latch circuit 34 captures the display signals
SIG for one pixel line which are latched by the data latch
circuit 52 at that time.

The gradation voltage generating circuit 60 consists of 63
resistor dividers which are connected in series between a high
voltage VDH and a low voltage VDL, for generating 64 levels
of gradation voltages V1 to Vo4, respectively.

The decoder circuit 70 decodes the display signals SIG
latched by the data latch circuit 54, and on the basis of the
result of decoding, selects voltages to be outputted to decoder
output nodes Nd,, Nd,, . . . (generically referred to as
“decoder output nodes Nd”), respectively, out of the grada-
tion voltages V1 to V64 and outputs the selected voltages.

As a result, the display voltages (selected out of the grada-
tion voltages V1 to V64) corresponding to the display signals
SIG for one pixel line, which are latched by the data latch
circuit 54, are outputted to the decoder output nodes Nd at the
same time (in parallel). FIG. 1 representatively shows the
decoder output nodes Nd, and Nd,, corresponding to the data
line DL, of the first column and the data line DL, of the
second column, respectively.

The analog amplifier 80 outputs analog voltages corre-
sponding to the display voltages outputted from the decoder
circuit 70 to the decoder output nodes Nd,, Nd,, . . ., to the
data lines DL, DL,, . . ., respectively.

The source driver 40 repeatedly outputs the display volt-
ages corresponding to a series of display signals SIG to the
data lines DL for one pixel line 1n a predetermined scanning
cycle, and the gate line driving circuit 30 sequentially drives
the gate lines GL,, GL,, . . . in synchronization with the
scanning cycle, to thereby display an 1image on the basis of the
display signals SIG on the liquid crystal array part 20.

Though FIG. 1 shows an exemplary constitution of the
liquad crystal display 10 with the gate line driving circuit 30
and source driver 40 formed integrally with the liquid crystal
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array part 20, the gate line driving circuit 30 and source driver
40 may be provided as external circuits of the liquid crystal
array part 20.

FIG. 2 1s a block diagram showing a constitution of the gate
line driving circuit 30. The gate line driving circuit 30 consists
of a plurality of shift register circuits SR,;, SR,, SR;,
SR, . . . which are connected 1n cascade (for convenience of
discussion, each of the cascaded shiit register circuits SR,
SR, . . . 1s generically be called a “unit shift register SR™).
Each unit shift register SR 1s provided for one pixel line, 1.e.,
one gate line GL.

A clock generator 31 shown 1n FIG. 2 1s provided to mput
a two-phase clock consisting of two clock signals CLK and
/CLK which are opposite to each other 1n phase to the unit
shift registers SR of the gate line driving circuit 30. These
clock signals CLK and /CLK are controlled to be alternately
activated 1n synchronization with the scanning cycle of the
display apparatus.

Each unit shift register SR has an input terminal IN, a clock
terminal CK, a reset terminal RST and two output terminals
OUT and OUTD. As shown 1n FIG. 2, either of the clock
signals CLK and /CLK outputted from the clock generator 31
1s supplied to the clock terminal CK of each unit shift register
SR.

A start pulse SP corresponding to the start of each frame
period of an 1mage signal 1s inputted to the input terminal IN
of the unit shift register SR, 1n the first stage as an input signal.
To the input terminals IN of the unit shift registers SR 1n the
second and following stages, the output terminals OUTD of
their respective preceding-stage unit shuft registers SR are
connected. On the other hand, the output terminal OUT of
cach unit shift register SR 1s connected to the gate line GL and
a signal therefrom 1s outputted to the gate line GL as a hori-
zontal (or vertical) scanning pulse. Specifically, an output
signal G from the output terminal OUT 1s a “gate line driving
signal” for driving the gate line and an output signal D from
the output terminal OUTD 1s a “carry signal” for driving the
succeeding-stage unit shift register SR. Hereinafter, the out-
put terminal OUT 1s referred to as a “gate line output termi-
nal” and the output terminal OUTD 1s referred to as a “carry
signal output terminal”.

In the gate line driving circuit 30 having the constitution of
FIG. 2, each unit shift register SR shifts and transmits a signal
inputted to the input terminal (the start pulse SP or the output
signal outputted from 1ts preceding stage) to the correspond-
ing gate line GL and 1ts succeeding-stage unit shiit register
SR 1n synchronization with the clock signals CLK and /CLK
(an operation of the unit shift register SR will be discussed
later 1n detail). As a result, a series of unit shiit registers SR
serve as a gate line driving unit for sequentially activating the
gate lines GL at a timing based on the predetermined scanning
cycle.

FIG. 3 1s a circuit diagram showing a configuration of the
unmt shift register SR 1n accordance with the first pretferred
embodiment of the present invention. In the gate line dniving
circuit 30, since the unit shift registers SR which are con-
nected 1n cascade have substantially the same configuration,
the configuration of one unit shift register SR will be
described below as a representative example. Further, tran-
sistors constituting the unit shift register SR are all field effect
transistors of the same conductivity type, and the transistors
are all assumed to be N-type TFTs in the present preferred
embodiment. If the transistor 1s an N-type TFT, the transistor
1s 1n an active (ON) state when the gate 1s at a high (H) level
and the transistor 1s 1n an mactive (OFF) state when the gate
1s at alow (L) level. If the transistor 1s a P-type transistor, these
states are reversed.
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As shown 1n FIG. 3, the unit shiit register SR has a first
power supply terminal s1 to which a low power supply poten-
tial VSS 1s supplied, and second and third power supply
terminals s2 and s3 to which high power supply potentials
VDD1 and VDD?2 are supplied, respectively, in addition to the
input terminal IN, the clock terminal CK, the reset terminal
RST, the gate line output terminal OUT and the carry signal
output terminal OUTD shown i FIG. 2. The high power
supply potentials VDDI1 and VDD2 may be at the same level.
In such a case, as shown 1n FIG. 4, the second and third power
supply terminals s2 and s3 may be formed of one terminal,
and this reduces the area occupied by wires for power supply.

In the following discussion, the low power supply potential
VSS 1s a reference potential of the circuit. In practical use,
however, areference potential 1s determined with reference to
a voltage of data written into the pixels. For example, the high
power supply potentials VDD1 and VDD2 may be setat 17V,
and the low power supply potential VSS may be setat =12V,

As discussed earlier, the unit shift register SR of the present
preferred embodiment has two output terminals, 1.¢., the gate
line output terminal OUT {for outputting the gate line driving
signal and the carry signal output terminal OUTD for output-
ting the carry signal. An output stage for the gate line driving,
signal 1s constituted of a transistor Q1 connected between the
gate line output terminal OUT and the clock terminal CK and
a transistor (Q2 connected between the gate line output termi-
nal OUT and the first power supply terminal s1. Specifically,
the transistor Q1 1s the first transistor for supplying the clock
signal inputted to the clock terminal CK to the gate line output
terminal OUT (the first output terminal) and the transistor ()2
1s the second transistor for supplying the potential of the first
power supply terminal s1 to the gate line output terminal OUT
to discharge the gate line output terminal OUT. An output
stage for the carry signal 1s constituted of a transistor Q1D
connected between the carry signal output terminal OUTD
and the clock terminal CK and a transistor Q2D connected
between the carry signal output terminal OUTD and the first
power supply terminal s1. Specifically, the transistor Q1D 1s
the third transistor for supplying the clock signal inputted to
the clock terminal CK to the carry signal output terminal
OUTD (the second output terminal) and the transistor Q2D 1s
the fourth transistor for supplying the potential of the first
power supply terminal s1 to the carry signal output terminal
OUTD to discharge the carry signal output terminal OUTD.
As shown 1n FIG. 3, the gate (control electrode) of the tran-
sistor Q2 and the gate of the transistor Q2D are connected to
cach other.

Herein, 1t 1s defined, as shown 1n FIG. 3, that a node to
which a gate of the transistor Q1 1s connected 1s a node N1
(the first node), a node to which the gates of the transistors Q2
and Q2D are connected 1s a node N2 (the second node) and a
node to which a gate of the transistor Q1D 1s connected 1s a
node N3 (the third node).

Between the gate and a source of the transistor Q1 (1.e.,
between the gate line output terminal OU'T and the node N1),
a step-up capacitor C (the first capacitive element) 1s pro-
vided. Further, between the node N1 and the second power
supply terminal s2, a transistor Q3 (the fifth transistor) for
supplying the potential of the second power supply terminal
s2 to the node N1 1s connected and its gate 1s connected to the
input terminal IN. Between the node N1 and the first power
supply terminal s1, a transistor Q4 (the sixth transistor) and a
transistor Q5 (the ninth transistor) both for supplying the
potential of the first power supply terminal s1 to the node N1
are connected. A gate of the transistor Q4, however, 1s con-
nected to the node N2 and a gate of the transistor Q5 1s
connected to the reset terminal RST.
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Therefore, the transistor Q3 so operates as to charge the
node N1 1n accordance with the level of the input terminal IN
and the transistors Q4 and Q5 so operate as to discharge the
node N1 1n accordance with the levels of the node N2 and the
reset terminal RST, respectively. In other words, these tran-
sistors (O3, Q4 and Q5 whose main electrodes (source/drain)
are connected to the node N1 charge/discharge the control
clectrode of the transistor Q1, to form a pull-up driving circuit
(the first driving circuit) for driving the transistor Q1 (1.e., the
transistor for pull-up of the gate line output terminal OUT).

Between the gate and a source of the transistor Q1D (1.e.,

between the carry signal output terminal OUTD and the node
N3), a step-up capacitor CD (the second capacitive element)
1s also provided. Further, between the node N3 and the second
power supply terminal s2, a transistor Q3D (the seventh tran-
sistor) 1s connected and its gate 1s connected to the input
terminal IN. Between the node N3 and the first power supply
terminal sl1, a transistor Q4D (the eighth transistor) 1s con-
nected. A gate of the transistor Q4D 1s connected to the node
N2.
Therefore, the transistor Q3D so operates as to charge the
node N3 1n accordance with the level of the input terminal IN
and the transistors Q4D so operates as to discharge the node
N1 1n accordance with the level of the node N2. In other
words, these transistors Q3D and Q4D whose main electrodes
(source/drain) are connected to the node N3 charge/discharge
the control electrode of the transistor (Q3, to form a pull-up
driving circuit (the second driving circuit) for driving the
transistor Q1D (1.e., the transistor for pull-up of the carry
signal output terminal OUTD).

Thus, 1n the unit shift register SR of the first preferred
embodiment, the charge/discharge of the node N1 to drive
transistor Q1 and the charge/discharge of the node N3 to drive
transistor Q1D are performed by individual transistors.

Between the node N2 and the third power supply terminal
s3, a diode-connected transistor Q6 1s connected and between
the node N2 and the first power supply terminal s1, a transis-
tor (7 1s connected. A gate of the transistor Q7 1s connected
to the node N1.

The transistor Q7 1s set to have a driving capability (capa-
bility of carrying current) suificiently higher than that of the
transistor Q6. In other words, the transistor Q7 has an on-state
resistance sufliciently lower than that of the transistor Q6.
Therefore, as the gate potential of the transistor Q7 rises, the
node N2 falls 1mn potential, and as the gate potential of the
transistor Q7 falls, the node N2 rises in potential. Specifically,
the transistors (06 and Q7 constitute a ratio mverter whose
operation 1s defined by the ratio between their on-state resis-
tance values. This inverter uses the node N1 as 1ts input end
and the node N2 as 1ts output end and forms a “pull-down
driving circuit” which drives the transistors Q2 and Q2D for
pulling down the gate line output terminal OUT and the carry
signal output terminal OUTD.

A specific operation of the unit shift register SR shown 1n
FIG. 3 will now be discussed. Since the respective unit shiit
registers SR constituting the gate line driving circuit 30 oper-
ate substantially in the same manner, an operation of one unit
shift register SR will be discussed as a representative
example. For simple discussion, 1t 1s assumed that the clock
signal CLK 1s inputted to the clock terminal CK of the unit
shift register SR (this case corresponds to, e€.g., the unit shift
registers SR, and SR, shown 1n FIG. 2).

Herein, a gate line driving signal outputted from the unit
shift register SR 1s defined as G, , and the gate line driving
signals outputted from the preceding-stage unit shift register
SR and the succeeding-stage unit shift register SR are defined
as G, _, and G, _, respectively. Further, a carry signal output-




US 7,825,388 B2

9

ted from the unit shift register SR 1s defined as D, , and the
carry signals outputted from the preceding-stage unit shiit
register SR and the succeeding-stage unit shiftregister SR are
defined as D, _, and D, _,, respectively.

In an 1n1t1al state, 1t 1s assumed that the nodes N1 and N3 are

atthe L (Low) level (VSS), and the node N2 1s at the H (High)
level (VDD2-Vth (Vth: threshold voltage of a transistor)).
Further, it 1s assumed that the clock terminal CK (the clock
signal CLK), the reset terminal RST (the carry signal D, of
the succeeding stage) and the input terminal IN (the carry
signal D, _, of the preceding stage) are all at the L level. In a
reset state, since the transistor Q1 1s off (in a cut-oif state) and
the transistor Q2 1s on (in a conducting state), the gate line
output terminal OUT (the gate line driving signal GG,) 1s kept
at the L level regardless of the level of the clock terminal CK
(the clock signal CLLK). In other words, the gate line to which
this unit shift register SR 1s connected 1s 1n the non-selected
state. Further at that time, since the transistor Q1D 1s off and
the transistor Q2D 1s on, the carry signal output terminal
OUTD (the carry signal D, ) 1s kept at the L level.

Starting from that state, when the carry signal D, _, of the
preceding-stage unit shiit register SR rises to the H level, the
signal 1s inputted to the input terminal IN of the current unit
shift register SR to turn on the transistors Q3 and Q3D. At that
time, since the node N2 1s at the H level, the transistors Q4 and
Q4D are on, but since the transistors Q3 and Q3D are set to
have a driving capability suificiently higher than that of the
transistors (Q4 and Q4D and have an on-state resistance sui-
ficiently lower than that of the transistors Q4 and Q4D, the
levels of the node N1 and N3 rise.

When the level of the node N1 rises, the transistor Q7
thereby starts conducting, to cause the node N2 to fall in level.
Then, the resistances of the transistors Q4 and Q4D increase,
to cause the levels of the nodes N1 and N3 to quickly rise. The
transistor Q7 1s accordingly turned on suificiently. As a result,

the node N2 falls to the L level (VSS), and the transistors Q4
and Q4D are turned off, to raise the nodes N1 and N3 to the H
level (VDD1-Vth). Thus in such a state where the nodes N1
and N3 are at the H level and the node N2 1s at the L level
(hereinafter, this state 1s referred to as a “set state”), the
transistor Q1 1s on and the transistor Q2 1s off. Further, since
the nodes N1 and N3 are brought mto a floating state even
when the carry signal D__, of the preceding stage returns to
the L level to turn oif the transistors Q3 and Q3D, this set state
1s maintained after that.

In the set state, since the transistors Q1 and Q1D are on and
the transistors Q2 and Q2D are off, when the clock signal
CLK of the clock terminal CK rises to the H level, the levels
of the gate line output terminal OUT and the carry signal
output terminal OUTD rise. When the level of the gate line
output terminal OUT rises, the level of the node N1 1s stepped
up by a certain voltage (for this reason, the node N1 1s some-
times referred to as a “step-up node”) by a capacitive coupling,
ol the step-up capacitor C and the gate-channel capacitance
(gate capacitance) of the transistor Q1. Similarly, when the
level of the carry signal output terminal OUTD rises, the level
of the node N3 1s stepped up by a certain voltage by a capaci-
tive coupling of the step-up capacitor CD and the gate-chan-
nel capacitance of the transistor Q1D.

For this reason, the gate-source voltages of the transistors
Q1 and Q1D are maintained higher than the threshold voltage
(Vth) even when the levels of the gate line output terminal
OUT and the carry signal output terminal OUTD rise, and the
transistors Q1 and Q1D accordingly maintain a low imped-
ance. Therelfore, the levels of the gate line driving signal G,
and the carry signal D _ vary along with the level of the clock
terminal CK. Specifically, while the clock signal CLK input-
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ted to the clock terminal CK 1s at the H level, the gate line
driving signal G, rises to the H level to activate the gate line
and the carry signal D, rises to the H level and 1s inputted to
the succeeding-stage unit shift register SR. When the clock
signal CLK returns to the L level, the gate line driving signal
G, falls to the L level to bring the gate line 1nto the non-
selected state and at the same time, the carry signal D falls to
the L level.

After that, when the gate line driving signal G, , of the
succeeding stage rises to the H level, the signal 1s inputted to
the reset terminal RST to turn on the transistor Q3. Since the
level of the node N1 thereby falls and the transistor Q7 1s
turned off, the node N2 rises to the H level. Then, the transis-
tors Q4 and Q4D are turned on and the nodes N1 and N3 are
fixed to the L level. As a result, the circuit returns to the reset
state where the transistor Q1 1s oil and the transistor Q2 1s on
(for this reason, the node N2 1s referred to as a “reset node™).

(Giving a summary ol the above-discussed operation, the
unit shift register SR of the first preferred embodiment 1s 1n
the reset state where the node N1 1s at the L level (VSS) and
the node N2 1s at the H level (VDD2-Vth) unless a signal (the
start pulse SP or the carry signal D, _, of the preeedmg stage)
1s inputted to the mput terminal IN, and 1n this state, since the
transistors Q1 and Q1D are off and the transistors Q2 and
Q2D are on, the gate line output terminal OUT and the carry
signal output terminal OUTD are maintained at the L level
(VSS) with the low impedance. When the signal 1s inputted to
the input terminal IN, the unit shift register SR comes into the
set state where the node N2 1s at the L level (VSS) and the
nodes N1 and N3 are at the H level (VDD1-Vth). In the set
state, since the transistors Q1 and Q1D are on and the tran-
sistors Q2 and Q2D are off, the gate line output terminal OUT
rises to the H level to activate the gate line and the carry signal
output terminal OUTD rises to the H level to drive the suc-
ceeding-stage unit shift register SR while the signal (clock
signal CLK) of the clock terminal CK 1s at the H level. After
that, when a signal (the gate line driving signal G, _, of the
succeeding stage) 1s mputted to the reset terminal RST, the
unit shift register SR returns to the reset state where the nodes
N1 and N3 are at the L level and the node N2 1s at the H level.

An operation of the gate line driving circuit 30 which
consists of a plurality of unit shift registers SR connected 1n
cascade, each of which operates as discussed above, 1s shown
in the timing chart of FIG. 5. As shown 1n FIG. 5, the input
signal (the start pulse) 1s mnputted to the mput terminal IN of
the unit shift register SR, 1n the first stage i1s shifted at the
timing 1n synchronization with the clock signals CLK and
/CLK to become the gate line driving signals G, G,, G5, . ..
to be sequentially outputted to the gate lines GL,, GL,,
GL,, . . ., respectively, and become the carry signals D,
D,, ..., to be sequentially transmitted to the umt shait
registers SR,, SR, . . ., respectively. The gate line driving
circuit 30 can thereby sequentially drive the gate lines GL,,
GL,, GL,, . . .1n a predetermined scanning cycle.

In the gate line driving circuit 30 having the constitution of
FIG. 2, to the reset terminal RST of each unit shift register SR,
the gate line dniving signal G, ; of 1ts succeeding stage 1s
inputted, and therefore the current unit shift register SR
returns to the reset state (1.e., the above 1nitial state) only after
its succeeding-stage unit shift register SR operates at least
once. Since each unit shift register SR can not perform such a
normal operation as shown 1n FIG. 3 unless 1t undergoes the
reset state, 1t 1s necessary to perform a dummy operation for
transmitting a dummy mput signal from the first-stage unit
shift register SR to the last-stage one prior to the normal
operation. Alternatively, there may be a case where a rest
transistor 1s provided additionally between the node N2 and
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the third power supply terminal s3 (high-potential power
supply) 1n each umt shift register SR, to perform a reset
operation for forcefully charging the node N2 prior to the
normal operation. In this case, however, a signal line for
resetting 1s additionally needed.

As can be seen from the above discussion, 1n the unit shift
register SR of F1G. 3, the level of the gate of the transistor Q1
(the node N1) for activating the gate line driving signal and
that of the gate of the transistor Q1D (the node N3) for
activating the carry signal change almost similarly. Moreover,
the same clock signal CLK 1s mputted to the drain of the
transistor Q1 and that of the transistor Q1D. Therefore, as
shown 1n FIG. 5, the gate line driving signal G, and the carry
signal D are outputted tfrom the each unit shift register SR at
almost the same timing.

In the first preferred embodiment, however, though the
level of the node N1 and that of the node N2 change almost
similarly, these nodes are not connected direct to each other
and charged/discharged by different transistors (in other
words, the nodes N1 and N3 are separated 1n circuitry). Fur-
ther, while thenode N1 1s stepped up at the rise of the gate line
driving signal G, , the node N3 1s stepped up at the rise of the
carry signal D, . Therefore, even it a load on the gate line, 1.e.,
the gate line output terminal OUT 1s heavy to thereby cause a
delay 1n the gate line driving signal G, and a delay 1s accord-
ingly caused 1 step-up timing of the node N1, this exerts no
influence upon step-up timing of the node N3. In other words,
this prevents the influence of the gate line driving signal G,
from being exerted upon the carry signal D, , to allow an
increase 1n rising/falling speed of the carry signal D , regard-
less of the gate line driving signal G, whose rising/falling
speed 1s hard to increase due to the influence of the load.
Further, even if there arises a decrease 1n rising/Talling speed
of the gate line driving signal G, due to variations in ambient
temperature, threshold voltage of a transistor or the like, no 1l
influence 1s exerted upon the carry signal D, . Therefore, 1t 1s
possible to achieve a higher-speed operation of the shift reg-
1ster circuit consisting of the unit shift registers SR which are
connected 1n cascade, and this contributes to higher resolu-
tion of a display apparatus using the gate line driving circuit
formed of the shiit register circuait.

The first preterred embodiment shows the constitution in
which to the reset terminal RST of each unit shift register SR,
the gate line driving signal G, , of its succeeding stage 1s
inputted. Though a delay may be caused in the gate line
driving signal G, _ ; of the succeeding stage by an influence of
the load of the succeeding-stage gate line, there i1s no 1ll
influence upon the speedup of the operation of the unit shait
register SR since the speed at which the unit shift register SR
1s brought into the reset state may be relatively slow. Further,
instead of this, there may be a constitution in which to the
reset terminal RST of each unit shift register SR, the carry
signal D__, of 1its succeeding stage 1s inputted. In such a case,
however, since the load on the carry signal output terminal
OUTD of each unit shift register SR increases, 1t should be
noted that a delay caused 1n the carry signal may reduce the
eifect of the present invention. Further, since the signal to be
inputted to the reset terminal RS'T may be the gate line driving
signal G, , , or the carry signal D__, of the succeeding stage,
the flexibility 1n layout design for a circuit increases and this
contributes to reduction 1n area for forming the circuit.

In the unit shift register SR of the first preferred embodi-
ment, the inverter constituted of the transistors Q6 and Q7
uses the node N1 as an input end and the node N2 as an output
end. The node N3 may be used as the input end of the inverter
since this causes no change 1n logical operation of the unit
shift register SR because of symmetry of the circuit. In such
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a case, however, since the gate capacitance of the transistor
Q7 contributes to the parasitic capacitance of the node N3, the
parasitic capacitance increases and this causes reduction in
amplitude at which the node N3 1s stepped up. If the node N3
1s not sufliciently stepped up, the driving capability of the
transistor Q1D decreases and the rising/falling speed of the
carry signal D, decreases, to thereby reduce the effect of the

present invention. Therefore, 1t 1s preferable that the input end
of the inverter constituted of the transistors Q6 and Q7 should
be the node N1.

The Second Preterred Embodiment

A field effect transistor including a TFT 1s an element
which becomes conducting through an electrical connection
between its drain and source with a conductive channel
formed immediately below a gate electrode with a gate 1nsu-
lation film interposed therebetween when a voltage not less
than a threshold voltage 1s applied to 1ts gate. Therefore, the
field effect transistor in the conducting state may also func-
tion as a capacitive element (gate capacitance) with 1ts gate
and channel serving as both electrodes and the gate insulation
film serving as a dielectric layer.

FIG. 6 1s a circuit diagram showing a configuration of a unit
shift register SR 1n accordance with the second preferred
embodiment. Though the step-up capacitor CD 1s provided
between the drain and the source of the transistor Q1D in the
first preferred embodiment, 1t 1s replaced by the gate capaci-
tance of the transistor Q1D 1n the second preferred embodi-
ment. In such a case, the step-up capacitor CD 1s not needed,
as shown 1n the circuit diagram of FIG. 6.

Since an insulating film to become a dielectric layer of a
capacitive element formed 1n a semiconductor integrated cir-
cuit generally has the same thickness as a gate mnsulating film
ol a transistor, 1f a capacitive element 1s replaced by a gate
capacitance of the transistor, a transistor having the same area
as the capacitive element may be used instead. Specifically,
by increasing the gate width of the transistor Q1D as neces-
sary 1n FIG. 6, 1t 1s possible to achieve a step-up operation
equivalent to that performed by the circuit shown 1n FIG. 3 1n
accordance with the first preferred embodiment.

Further, by increasing the gate width of the transistor Q1D,
it 1s possible to increase 1ts driving capability, and as a result,
the rising/falling speed of the carry signal D  increases, to
thereby improve the effect of the present invention to ensure
a speedup of the operation.

Though not shown 1n the figure, the step-up capacitor C
between the drain and the source of the transistor Q1 can be
also replaced by the gate capacitance of the transistor Q1.
Specifically, the step-up capacitor C 1s omitted and the gate
width of the transistor Q1 has only to be increased as neces-
sary. In such a case, since the driving capability of the tran-
sistor Q1 1ncreases, 1t 1s consequently possible to increase the
rising/falling speed of the gate line driving signal G, .

Further, 1n the second preferred embodiment, the high
power supply potentials VDD1 and VDD2 may be at the same
level. In such a case, like 1n the above-discussed circuit of
FIG. 4, the second power supply terminal s2 and the third
power supply terminal s3 may be formed of the same termi-
nal, and this can reduce the area occupied by the wires for
power supply.

The Third Preferred Embodiment

The background-art unit shift register shown in Patent
Documents 2 to 5 has a constitution 1n which a gate electrode
of a transistor for pull-up of an output terminal (e.g., “the
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output transistor 16” in Patent Document 1; heremafter,
referred to as an “output pull-up transistor”) 1s charged
through a diode-connected transistor (hereinafter, referred to
as a “charge transistor”). Specifically, in the charge transistor,
its source 1s connected to the gate electrode of the output
pull-up transistor and an output signal of the preceding-stage
unit shift register 1s inputted to both 1ts gate and drain. There-
fore, the gate electrode of the output pull-up transistor is
charged with the output signal of the preceding stage as a
power supply. Since this accordingly eliminates the necessity
of connecting the unit shift register to a power supply (the
high-potential power supply (VDD1) 1n the above preferred
embodiments) for charging the gate electrode of the output
pull-up transistor, the flexibility 1in wiring layout increases
and this advantageously contributes to higher integration of
the circuait.

In a case, however, where a shiit register 1s used for a gate
line driving circuit of a display apparatus, since a gate line
having a heavy capacity load 1s connected to an output termi-
nal of a unit shuft register, an output signal rises slowly. Then,
in the above constitution, the charging speed of the gate
clectrode of the output pull-up transistor in each unit shift
register decreases. As a result, the speedup of the operation of
cach unit shift register becomes difficult and the speedup of
the operation of the gate line driving circuit accordingly
becomes difficult.

The diode-connected charge transistor operates in a source
tollower mode when the gate electrode of the output pull-up
transistor 1s charged. In other words, as the charge proceeds,
the gate-source voltage ol the charge transistor becomes
lower and its driving capability decreases, to make the charg-
ing speed lower. If the rising speed of an output signal of each
unit shift register becomes lower due to an 1nfluence of the
heavy capacity load of the gate line or the like, 1n particular,
since the charge transistor operates in the source follower
mode from an 1nitial stage of charging, the charging speed
significantly decreases. This 1s also a factor to prevent the
speedup of the operation of the gate line driving circuit.

In order to ensure the speedup of the operation of the unit
shift register, the driving capability (the capability of carrying
current) of the output pull-up transistor 1n outputting a signal
has only to be raised. As a method therefor, the channel width
of the output pull-up transistor may be increased, but this 1s
not preferable because the area for forming a circuit disad-
vantageously increases.

Another method for increasing the driving capability of the
output pull-up transistor 1s to keep the gate-source voltage of
the output pull-up transistor high even in outputting a signal.
In the unit shift register SR of the first preferred embodiment,
for example, it 1s necessary to make the gate potential of the
transistor Q1 suiliciently high prior to the step-up of the gate
of the transistor Q1 (the node N1).

The third preferred embodiment suggests a unit shift reg-
1ster 1n the shift register of the present invention, which allows
the power supply (the high-potential power supply (VDD1) 1n
the above preferred embodiments) for charging the gate elec-
trode of the output pull-up transistor to be omitted and
achieves a higher-speed operation.

FI1G. 7 1s a circuit diagram showing a configuration of a unit
shift register SR in accordance with the third preferred
embodiment of the present mvention. In FIG. 7, elements
having the same functions as those of FIG. 3 are represented
by the same reference signs and detailed description thereof
will be therefore omitted.

As shown 1n FIG. 7, the unit shift register SR of the third
preferred embodiment has two output terminals OUT and
OUTD and two mput terminals IN and IND. To the first input
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terminal IN, the drains of the transistors Q3 and Q3D are
connected and to the second mput terminal IND, the gates of
the transistors Q3 and Q3D are connected. Specifically, 1n the
third preferred embodiment, the transistor Q3 1s connected
between the first input terminal IN and the node N1 and the
transistor Q3D 1s connected between the first input terminal
IN and the node N3. In other words, the high-potential power
supply (VDDI1 1n FIG. 3) 1s not connected to the drains of the
transistors Q3 and Q3D.

In the third preferred embodiment, the gates of the transis-
tors Q2 and Q2D (the node N2) and the gates of the transistors
Q4 and Q4D are connected to the reset terminal RST. This
allows a constitution 1n which the inverter constituted of the
transistors (Q6 and Q7 and its power supply (VDD2 in FIG. 3)
are omitted.

FIG. 8 1s a block diagram showing a constitution of a gate
line driving circuit using the unit shift registers SR 1n accor-
dance with the third preferred embodiment. Also 1n the third
preferred embodiment, the gate line driving circuit 30 1s
formed of a shiit register consisting of a plurality of umit shaft
registers SR,, SR,, SR,, SR, . . . which are connected 1n
cascade, and to the clock terminal CK of each unit shift
register SR, either of the clock signals CLK and /CLK out-
putted from the clock generator 31 1s provided.

The unit shift register SR of the third preferred embodi-
ment has two mput terminals IN and IND, and the start pulse
SP 1s inputted to both the iput terminals IN and IND of the
unit shift register SR, in the first stage. In the unit shift
registers SR of the second and following stages, the first input
terminal IN 1s connected to the gate line output terminal OUT
of i1ts preceding stage and the second mnput terminal IND 1s
connected to the carry signal output terminal OUTD of 1ts
preceding stage.

Further, the umt shift register SR of the third preferred
embodiment has two output terminals OUT and OUTD, and
the gate line GL 1n the display panel 1s connected to the gate
line output terminal OUT among these two output terminals.
Specifically, an output signal from the gate line output termai-
nal OUT serves as a horizontal (or vertical) scanning pulse for
activating the gate line GL. The gate line output terminal OUT
1s Turther connected to the reset terminal RST of its preceding
stage and the first input terminal IN of 1ts succeeding stage.
On the other hand, the carry signal output terminal OUTD 1s
connected only to the second 1nput terminal IND of its suc-
ceeding stage.

Also 1n the gate line driving circuit 30 having such a con-
stitution, each umt shift register SR shifts a signal inputted
from the preceding stage (the gate line driving signal G and
the carry signal D of its preceding stage) with time 1n syn-
chronization with the clock signals CLLK and /CLKk and trans-
mits the shifted signal to the corresponding gate line GL and
the unit shift register SR of 1ts succeeding stage. Hereinatter,
an operation of each of the unit shift registers SR constituting
the gate line driving circuit 30 will be discussed.

Also herein, an operation of the unit shift register SR, of
the n-th stage will be discussed as a representative example.
FIG. 9 1s a circuit diagram showing the connection of the unit
shift register SR, of the n-th stage, the unit shift register SR _,
of 1ts preceding stage (the (n-1)th stage) and the unit shait
register SR, of its succeeding stage (the (n+1)th stage).
FIG. 10 1s a timing chart showing an operation of the unit shait
register SR, . Heremnafter, referring to FIGS. 9 and 10, an
operation of the unit shift register SR of the third preferred
embodiment shown 1n FIG. 7 will be discussed.

For simple discussion, 1t 1s assumed that the clock signal
CLK 1s mputted to the clock terminal CK of the unit shait
register SR, and the clock signal /CLK 1s inputted to the clock
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terminals CK of the unit shift registers SR _, and SR, _,. The
gate line driving signal G from the gate line output terminal
OUT of the unit shift register SR of the 1-th stage 1s repre-
sented by reference sign G, and the carry signal D from the
carry signal output terminal OUTD 1s represented by refer-
ence sign D,. Further, 1t 1s assumed that the levels of the clock
signals CLK and /CLK at the H level are equivalent to each
other and its value 1s VDD. Furthermore, it 1s assumed that
values of threshold voltages of the transistors constituting the

unit shift register SR are all equal to one another and the value
1s Vth.

Referring to FI1G. 10, 1n the imitial state at time to, first, the
unit shift register SR, 1s in the reset state where the nodes N1
and N3 are at the L level (VSS). In this state, the gate line
driving signal G, _, and the carry signal D, _, of the unit shiit
register SR, _, and the gate line dnving signal G, _, and the

Fi41

carry signal D, ., of the unmit shift register SR, _, are at the L
level. In this case, since the transistors Q1, Q2, Q1D and Q2D
in the unit shift register SR, are all off, the gate line output
terminal OUT and the carry signal output terminal OUTD are
in the floating state and in this mnitial state, the gate line
driving signal G, and the carry signal D_ are at the L level.

It 1s assumed that at time t; where the clock signal /CLK
rises to the H level, the gate line driving signal G, _, and the
carry signal D__, of the preceding stage rise to the H level.
Then, the unit shaft register SR, comes 1nto the set state where
the transistors Q3 and Q3D thereof are turned on and the
nodes N1 and N3 rise to the H level (VDD-Vth). The transis-
tors Q1 and Q1D are accordingly turned on. Since the clock
signal CLK 1s at the L level (VSS) at that time, however, the
output signal G, 1s kept at the L level.

When the clock signal /CLK falls at time t,, the gate line
driving signal G, _, and the carry signal D, _, of the preceding
stage fall to the L level, but since the transistors Q3 and Q3D
are turned oif and the transistors Q4 and Q4D are kept off, the

nodes N1 and N3 are kept at the H level (VDD-Vth) in the
floating state.

When the clock signal CLK rises at time t3, since the
transistors Q1 and Q1D are on and the transistors Q2 and Q2D
are off at that time, the levels of the gate line output terminal
OUT and the carry signal output terminal OUTD begin to
rise. At that time, the nodes N1 and N3 are stepped up by the
coupling through the gate-channel capacitances of the tran-
sistors Q1 and Q1D and the step-up capacitors C and CD.
Therefore, the transistors Q1 and Q1D operate 1n a non-
saturated area and the levels of the gate line driving signal G,
and the carry signal D, rise to the H level, not accompanying
the voltage loss by threshold voltage Vth of the transistors Q1
and Q1D. As a result, the levels of the nodes N1 and N3 rise
to almost 2xVDD-Vth.

When the gate line driving signal G, and the carry signal D,
of the unit shift register SR, rise to the H level, since these
signals are inputted to the first and second input terminals IN
and IND of the unmit shift register SR,  , of 1its succeeding
stage, the transistors Q3 and Q3D 1in the unit shift register
SR, ., are turned on. Therefore, at time t,, the nodes N1 and
N3 in the unit shift register SR, are charged to VDD-Vth.

When the clock signal CLK falls at time t,,, the levels of the
gate line driving signal G and the carry signal D of the unit
shift register SR, also fall. At that time, the levels of the nodes
N1 and N3 {fall to VDD-Vth by the coupling through the
gate-channel capacitances of the transistors Q1 and Q1D and
the step-up capacitor C. Even 1n this case, however, since the
transistors Q1 and Q1D are kept on, the gate line driving,
signal G, and the carry signal D_ fall to the L level, 1.e., VSS
tollowing the clock signal CLK.
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When the clock signal /CLK rises at time t., the nodes N1
and N3 1n the unit shift register SR _, of the succeeding stage
are stepped up and the gate line driving signal G, ., and the
carry signal D, _ , rise to the H level (VDD). The reset terminal
RST 1n the unit shaft register SR, thereby rises to the H level.
Since the transistors Q4 and Q4D are accordingly turned on,
the nodes N1 and N3 are discharged to the L level and the
transistors Q1 and Q1D are turned off. In other words, the unit
shift register SR returns to the reset state. Further 1n the third
preferred embodiment, since the reset terminal RST 1s also
connected to the gates of the transistors Q2 and Q2D (the
node N2), the transistors Q2 and Q2D are turned on and the
gate line driving signal G, and the carry signal D, are surely
brought into VSS.

When the clock signal /CLK falls to the L level at time t,,
since the gate line driving signal GG, , and the carry signal
D __, of the succeeding stage fall to the L level, the reset
terminal RST 1n the unit shift register SR 1s accordingly
brought 1into the L level. As a result, the transistors (02, Q2D,
Q4 and Q4D are turned off and the umt shift register SR
returns to the above 1nitial state (the state at time t,).

(Giving a summary ol the above-discussed operation, the
unit shift register SR of the third preferred embodiment 1s 1n
the reset state where the nodes N1 and N3 are at the L level
unless a signal (the gate line driving signal G, _, and the carry
signal D__, of the preceding stage or the start pulse SP) 1s
inputted to the first and second imnput terminals IN and IND. In
the reset state, since the transistors Q1 and Q1D are off, the
gate line driving signal G, and the carry signal D, are main-
tained at the L level, regardless of the level of the clock signal
CLK. When the signal 1s inputted to the first and second 1input
terminals IN and IND, the unit shift register SR, comes 1nto
the set state where the nodes N1 and N3 are at the H level. In
the set state, since the transistors Q1 and Q1D are on and the
transistors Q2 and Q2D are off, the gate line driving signal GG
and the carry signal D, are outputted 1n accordance with the
rise of the clock Signal CLK to the H level. After that, when a
signal (the gate line driving signal G, , of the succeeding
stage) 1s 1nputted to the reset terminal RST, the unit shift
register SR returns to the reset state where the nodes N1 and
N3 are at the L level, and the gate line driving signal G, and
the carry signal D, are maintained at the L level.

In the multistage shift register (gate line driving circuit 30)
in which a plurality of unit shaft registers SR each operating as
above are connected in cascade as shown 1n FIGS. 8 and 9,
when the start pulse SP 1s inputted to the unit shiftregister SR
of the first stage, with this as a trigger, the gate line driving
signal G and the carry signal D are shifted at the timing 1n
synchronization with the clock signals CLK and /CLK and
transmitted to the unit shift registers SR,, SR, . . . sequen-
tially. The gate line driving circuit 30 can thereby sequentially
drive the gate lines GL,, GL,, GL; . . . 1n a predetermined
scanning cycle.

As can be seen from FIG. 7, 1n the unit shift register SR of
the third preferred embodiment, the transistors Q1 and Q2
connected to the gate line output terminal OUT and the tran-
sistors Q1D and Q2D connected to the carry signal output
terminal OUTD are connected in parallel to each other. The
transistors Q3 and Q4 constituting the pull-up driving circuit
(the first driving circuit) for driving the transistor Q1 and the
transistors Q3D and Q4D constituting the pull-up driving
circuit (the second driving circuit) for driving the transistor
Q1D are connected 1n parallel to each other. Further, the gates
of the transistors Q2 and Q2D are connected to each other.
Theretore, logically, the transistors Q1 and Q1D are switched
between on and off at the same timing and the transistors ()2
and Q2D are switched between on and off at the same timing.
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For this reason, as shown 1n FIG. 10, logically, the levels of
the gate line driving signal G, and the carry signal D, are
similarly changed together. Therefore, the logical operation
ol the gate line driving circuit 30 1s the same as that of the unit
shift register of the first preferred embodiment (shown 1n FIG.

5). The unit shift register SR of the third preferred embodi-
ment, however, produces the following effect.

FIG. 11 1s a graph used for discussion on an effect of the
present invention, showing a voltage wavetorm of the node
N1 at the time when the nodes N1 and N3 are charged (pre-
charged) and the time when these are stepped up. Times t, to
t. in FIG. 11 correspond to those ot FIG. 10. Since a voltage
wavelorm of the node N3 1s essentially the same as that of the

node N1, discussion will be made herein mainly on the node
N1.

In the gate line driving circuit 30 of the third preferred
embodiment, the gate line output terminal OUT of each unit
shift register SR 1s connected to the reset terminal RST of 1ts
preceding stage, the first input terminal IN of 1ts succeeding
stage and the gate line GL having a heavy capacity load. On
the other hand, since the carry signal output terminal OUTD
1s connected only to the second input terminal IND of 1ts
succeeding stage, the value of load capacitance 1n the carry
signal output terminal OUTD 1s significantly smaller than
that 1n the gate line output terminal OUT. Therefore, the carry
signal D of each unit shift register SR can rise more quickly
than the gate line driving signal G.

Again 1n the unit shift register SR of the n-th stage, when
the clock signal /CLK rises at time t,, the carry signal D, _; of
its preceding stage rises more quickly than the gate line driv-
ing signal GG, _, of the preceding stage, as shown in FIG. 11.
Then, as shown 1n FIG. 9, the gate line driving signal G, _, 1s
inputted to the drain of the transistor Q3 (the first mnput ter-
minal IN) for charging the node N1 1n the unit shift register
SR and the carry signal D, _, 1s inputted to the gate (the
second input terminal IND). Therefore, when the levels of the
gate line driving signal G, _, and the carry signal D, _, of the
preceding stage rise, the transistor Q3 of the unit shiit register
SR, 1s turned on to charge the node N1, and the level of the
node N1 rises as shown i FIG. 11.

Since the carry signal D, _, of the preceding stage rises
more quickly than the gate line driving signal G, _, of the
precedmg stage at that time, the gate potential of the transistor
Q3 1s suiliciently larger than the drain potential 1n the matial
period for the charge of the node N1. Therefore, the transistor
(3 operates 1n a non-saturated area and the level of the node
N1 rises with almost the same level as the carry signal G, _

After that, since the transistor Q3 begins to come mto an
operation in the non-saturated area and the rise 1n level of the
node N1 1s delayed with time constant based on the parasitic
capacitance accompanying the node N1 as the level of the
node N1 rises, the difference in level between the node N1 and
the gate line driving signal G, _, of the preceding stage gradu-
ally becomes larger. Then, in the last period for the eharge of
the node N1, the transistor Q3 cempletely operates 1n the
nen—saturated area and the difference 1n level becomes much
larger.

When the clock signal /CLK falls at time t,, the level of the
node N1 stops rising up to the level (V1 shown in FIG. 11)
which 1s lower than the H level (VDD) of the gate line driving,
signal G, _, of the preceding stage to some degree. At time t,,
since there 1s a difference in the value of load capacitance
between the gate line output terminal OUT and the carry
signal output terminal OUTD 1n the unit shiit register SR _,
of the preceding stage, the gate line driving signal G, _, falls
in level less quickly than the carry signal D, _,
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After than, when the clock signal CLK rises at time t5, the
level of the node N1 1s stepped up by the capacitive coupling
through the gate-channel capacitances of the transistors Q1
and Q1D and the step-up capacitor C. The stepped-up level of
the node N1 1s maintained until time t, when the clock signal
CLK falls. Since the node N1 1s maintained at the suificiently
high level from time t, to time t,, the driving capabilities of the
transistors Q1 and Q2D at the time when the unit shiit register
SR outputs the gate line driving signal G, and the carry signal
D_ can be maintained high. It 1s thereby possible for the gate
line driving signal G, and the carry signal D, to rise or fall at
high speed.

On the other hand, the broken-line graph of FIG. 11 indi-
cates the change 1n level of the node N1 1n a constitution
where the transistor Q3 1s diode-connected, like 1n the back-
ground-art unit shift register. In the case where the transistor
Q3 1s diode-connected, since 1ts drain and gate are connected
to each other, the transistor Q3 always operates 1n the non-
saturated area. Therefore, from the initial period for the
charge of the node N1, the level of the node N1 is lower than
that of the gate line driving signal G, _, of the preceding stage
by the threshold voltage Vth of the transistor Q3. Further,
since the transistor Q3 operates 1n the source follower mode
from the mitial period for the charge of the node N1, 1ts
charging speed 1s not high. For this reason, as indicated by the
broken-line graph of FIG. 11, the level of the node N1 canrise
only up to the level V2 lower than the above level V1 at time
t,.

Assuming that the potential difference between the levels
V1 and V2 1s AV, this voltage difference AV 1s maintained
even when the node N1 1s stepped up at time t,. In other
words, 1n the umt shift register SR of the third preferred
embodiment, the level of the node N1 from time t, to time t,
can be made higher by AV than that 1in the case where the
transistor Q3 1s diode-connected.

Though not discussed, based on the same theory as the
above, the level of the node N3 1s higher than that 1n the case
where the transistor Q3 1s diode-connected. As a result, the
driving capabilities of the transistors Q1 and Q1D increase at
the time when the gate line driving signal G, and the carry
signal D, are outputted, and the gate line drlvmg signal G, and
the carry signal D, can rise and fall at high speed. Therefore
the shift register ef the third preferred embodiment can oper-
ate at higher speed, as compared with that of the first preferred
embodiment.

The above effect 1s produced by the fact that the carry
signal D 1nputted to the gate of the transistor Q3 (the second
input terminal IND) quickly rises 1 each of the unit shait
registers SR connected 1n cascade, and this effect becomes
greater as the speed becomes higher. Therefore, 1t 1s prefer-
able that the load capacitance on the carry signal output
terminal OUTD should be smaller.

Like 1n the first preferred embodiment, though the level of
the node N1 and that of the node N3 change almost similarly,
these nodes are not connected direct to each other and
charged/discharged by different transistors (in other words,
the nodes N1 and N3 are separated 1n circuitry). This prevents
the influence of the gate line driving signal G, from bemg
exerted upon the carry signal D, , to allow an increase 1n
rising/falling speed of the carry 31gnal D .

The gate line driving circuit of the third preferred embodi-
ment has the constitution, as shown in FIGS. 8 and 9, in which
the gate line driving signal G of each unit shiit register SR 1s
supplied to the reset terminal RST of 1ts preceding stage, the
first input terminal IN of its succeeding stage and the gate line
GL and the carry signal D 1s supplied only to the second 1input
terminal IND of its succeeding stage. Since the gate line
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driving signal G and the carry signal D have almost the same
wavelorms, as shown in FIG. 10, however, for example, the
carry signal D may be supplied to the reset terminal RST of 1ts
preceding stage. Specifically, there may be a constitution of
cach umt shift register SR where the gate line output terminal
OUT 1s connected to the first input terminal IN of 1ts succeed-
ing stage and the gate line GL and the carry signal output
terminal OUTD 1s connected to the reset terminal RST of its
preceding stage and the second input terminal IND of its
succeeding stage.

In such a case, however, since the capacity load on the carry
signal output terminal OUTD becomes larger by the gate
capacitances of the transistors Q2, Q2D, Q4 and Q4D in the
preceding-stage unit shift register SR, 1t should be noted that
the rising speed of the carry signal D becomes lower than that
in the cases of FIGS. 8 and 9 and the effect of the present
ivention slightly decreases.

Further, 1t 1s not impossible to operate each unit shift reg-
ister SR, for example, with the carry signal D to be also
supplied to the first input terminal IN of its succeeding stage.
In such a case, however, the gate capacitances of the transis-
tors Q1 and Q1D of its succeeding stage and the step-up
capacitors C and CD are exerted upon the carry signal output
terminal OUTD as a load through the transistors Q3 and Q3D
of 1ts succeeding stage, and the capacity load on the carry
signal output terminal OUTD accordingly becomes larger by
the above load. Particularly, since the channel width of the
transistor Q1 used for charging the gate line GL 1s set large
and the gate capacitance thereof 1s especially large, the rising
speed of the carry signal D becomes lower and the effect of
the present invention accordingly decreases. To prevent the
decrease of the effect, the driving capability of the transistor
Q1D has only to be raised so that the gate capacitance of the
transistor Q1 of the succeeding stage can be charged quickly
by the carry signal D. This 1s not preferable, however, because
this raises the necessity of increasing the channel width of the
transistor Q1D, resulting in an increase of the area for form-
ing the circuit.

Though there 1s a certain interval between the period while
the clock signal CLK 1s at the H level and the period while the
clock signal /LKD 1s at the H level 1n the above discussion,
this interval period may be eliminated. In other words, a
two-phase clock 1n which the clock signal /CLK {falls simul-
taneously with the rise of the clock signal CLK and the clock
signal /CLK rises simultaneously with the fall of the clock
signal CLLK may be used.

Though the operation using the two-phase clock has been
discussed in the above preferred embodiments, the unit shait
register SR of the present invention can also be operated by
using a three-phase clock, like the background-art shift reg-
ister (see, e.g., FIG. 4 of Patent Document 1). In such a case,
to the reset terminal RST of each unit shift register SR, the
carry signal D of the stage after 1ts succeeding stage may be
inputted, and this can produce the same effect.

FI1G. 12 1s a circuit diagram showing a variation of the third
preferred embodiment. In the case of FIG. 7, the drains of the
transistors Q3 and Q3D are connected to the first input ter-
minal IN and the gates thereof are connected to the second
input terminal IND. In the third preferred embodiment, how-
ever, there may be a case, as shown 1n FIG. 12, where the
transistor Q3D 1s diode-connected and the carry signal D of
the preceding stage 1s inputted to both 1ts gate and drain (the
same applies to the following preferred embodiments).

In such a case, the gate capacitance of the transistor Q1D
and the step-up capacitor CD are connected to the carry signal
output terminal OUTD of each unit shift register SR through
the transistor Q3D of its succeeding stage, and the load
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capacitance on the carry signal output terminal OUTD
becomes larger by the above capacitances than that in the case
of FIG. 7. As discussed above, this 1s not preferable because
the load capacitance on the carry signal output terminal
OUTD becomes larger and the rising speed of the carry signal
D becomes lower, and the effect of the present invention
accordingly decreases.

Since the carry signal output terminal OUTD 1s not con-
nected to the gate line GL, however, the driving capability of
the transistor Q1D may be relatively small and usually, the
gate width 1s designed to be small 1n order to reduce the area
for forming the circuit. Therefore, the gate capacitance of the
transistor Q1D 1s relatively small and the increase n load
capacitance on the carry signal output terminal OUTD 1s
small even when the circuit shown 1n FIG. 12 1s adopted, and
accordingly, the rising speed of the carry signal D does not
significantly decreases.

The Fourth Preferred Embodiment

FIG. 13 1s a circuit diagram showing a configuration of a
unit shift register SR 1n accordance with the fourth pretferred
embodiment. In FIG. 13, elements having the same functions
as those of FIG. 7 are represented by the same reference signs.
Though the unit shift register SR (FIG. 7) of the third
preferred embodiment has one clock terminal CK, the umt
shift register SR of the fourth preferred embodiment has two
clock terminals CK1 and CK2 as shown in FIG. 13. Herein-
after, the clock terminal CK1 1s referred to as “the first clock
terminal” and the clock terminal CK2 1s referred to as “the
second clock terminal™.

The first clock terminal CK1 corresponds to the clock
terminal CK of the unit shift register SR of FIG. 7. Specifi-
cally, in the fourth preferred embodiment, a clock signal
inputted to the first clock terminal CK1 1s supplied to the gate
line output terminal OUT and the carry signal output terminal
OUTD through the transistors Q1 and Q1D, to thereby acti-
vate the gate line driving signal G and the carry signal D.

On the other hand, the second clock terminal CK2 i1s a
terminal to which a clock signal having a phase different from
that of the clock signal inputted to the first clock terminal CK1
1s inputted. In a unit shift register SR where the clock signal
CLK 1s inputted to the first clock terminal CK1, for example,
the clock signal /CLK 1s inputted to the second clock terminal
CK2. To the second clock terminal CK2, the gates of the
transistors Q2 and Q2D (the node N2) are connected. Further,
both the gates of the transistors Q4 and Q4D are connected to
the reset terminal RST, like 1n the third preferred embodi-
ment.

Also herein, the unit shaft register SR, of the n-th stage will
be discussed as a representative example. For simple discus-
s10m, 1t 1s assumed that the clock signal CLK is inputted to the
first clock terminal CK1 and the clock signal /CLK 1s inputted
to the second clock terminal CK2 1n the unit shift register SR, .

In the unit shift register SR, of the third preferred embodi-
ment, the transistors Q2 and Q2D are turned on during the
period while the gate line driving signal G, ; of the succeed-
ing stage rises to the H level, to bring the gate line output
terminal OUT and the carry signal output terminal OUTD
into the L level with the low impedance only during the same
period. In other words, during the other period, the gate line
output terminal OUT and the carry signal output terminal
OUTD are brought into the L level 1n the floating state.

On the other hand, 1n the umit shiftregister SR of the fourth
preferred embodiment, the transistors Q2 and Q2D are turned
on every time when the clock signal /CLK mnputted to the
second clock terminal CK2 rises to the H level. Accordingly,
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the gate line output terminal OU'T and the carry signal output
terminal OUTD are brought into the L level with the low
impedance repeatedly at short intervals. Therefore, the
L-level potentials of the gate line driving signal GG, and the
carry signal D become more stable. This consequently pre-
vents a malfunction of the gate line driving circuit 30 and
causes less display problem in the display apparatus because
the level of the gate line GL 1n the non-selection period
becomes stable.

The Fifth Preterred Embodiment

As a field effect transistor which 1s a constituent element of
a gate line driving circuit 1n a display apparatus, an amor-
phous silicon thin film transistor (a-S1 TFT) 1s widely used. It
1s known that a threshold voltage of the a-S1 TFT largely shiits
when the gate electrode 1s continuously biased. This phenom-
enon raises a problem of causing a malfunction of a gate line
driving circuit. Not only the a-S1 TET but also an organic TFT
causes the same problem.

In the unit shift register SR of the fourth preferred embodi-
ment (FIG. 13), for example, the gates of the transistors Q2
and Q2D are repeatedly biased to the H level by the clock
signal 1mputted to the second clock terminal CK2. For this
reason, in the case where the umt shift register SR 1s formed
of the a-S1 TFT or the organic TFT, the threshold voltages of
the transistors Q2 and Q2D are shifted 1n a normal (positive)
direction. Then, the driving capabilities of the transistors ()2
and Q2D decrease and accordingly, the gate line output ter-
minal OUT and the carry signal output terminal OUTD can
not be brought into the L level sufliciently with the low
impedance. As a result, the effect of the fourth preferred
embodiment decreases and this causes more malfunction of
the gate line driving circuit 30.

In order to suppress this problem, though the driving capa-
bilities of the transistors Q2 and Q2D may be raised by
increasing the channel widths thereot, this 1s not preferable
because this causes an increase of the area for forming the
circuit. The fifth preferred embodiment shows a variation of
the fourth preferred embodiment, which can solve the above
problem without any increase of the area for forming the
circuit.

FI1G. 14 1s a circuit diagram showing a configuration of a
unit shift register SR 1 accordance with the fitth preferred
embodiment. In FIG. 14, elements having the same functions
as those of FIG. 13 are represented by the same reference
signs. In the unit shift register SR of FI1G. 14, the sources of
the transistors Q2 and Q2D are connected to the first clock
terminal CK1. In other words, to the sources of the transistors
Q2 and (Q2D, a clock signal having a phase different from that
of a signal inputted to the gates 1s inputted. Other than this, the
circuit of FIG. 14 1s equivalent to that of FIG. 13.

Also herein, the unit shift register SR, of the n-th stage will
be discussed as a representative example. For simple discus-
s10m, 1t 1s assumed that the clock signal CLK 1s inputted to the
first clock terminal CK1 and the clock signal /CLKk 1s inputted
to the second clock terminal CK2 1n the unit shift register SR, .

Since the clock signals CLK and /CLK are complementary
to each other, while the clock signal /CLK 1s at the H level and
the transistors Q2 and Q2D are on, the sources of these
transistors are at the L level with the clock signal CLK.
Theretore, like the case of the fourth preferred embodiment,
the transistors Q2 and Q2D can bring the gate line output
terminal OUT and the carry signal output terminal OUTD
into the L level with the low impedance every time when the
clock signal /CLK rises to the Hlevel, and theretfore, the effect
of the fourth preferred embodiment can be produced.
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Conversely, while the clock signal /CLK 1s at the L level
and the transistors Q2 and Q2D are off, the sources of these
transistors are at the H level with the clock signal CLK. In
other words, this 1s equivalent to a state where the gates of the
transistors Q2 and Q2D are biased 1n a negative direction with
respect to the sources thereof. Since the threshold voltages
which are shifted 1n the positive direction return to the nega-
tive direction and recover, this prevents the decrease in driv-
ing capability of the transistors Q2 and Q2D and solves the
above problem. Further, 1t 1s obvious that no increase of the
area for forming the circuit 1s caused.

Theoretically, the fifth preferred embodiment can also use
the two-phase clock in which the clock signal /CLK {falls
simultaneously with the rise of the clock signal CLK and the
clock signal /CLK rises simultaneously with the fall of the
clock signal CLK. In practical use, however, due to variation
in rise and fall of the clock signals CLK and /CLK, the source
potential may rise before the transistors Q2 and Q2D of the
umt shift register SR, are completely turned off. Then, an
unnecessary rise in level of the gate line output terminal OUT
and the carry signal output terminal OUTD may cause a
maltfunction. Therefore 1n the fifth preferred embodiment, as
shown 1n FI1G. 10, 1t 1s preferable that there should be a certain
interval between the period while the clock signal CLK 1s at
the H level and the period while the clock signal /LKD 1s at the
H level.

The Sixth Preterred Embodiment

FIG. 15 1s a circuit diagram showing a configuration of a
unmt shift register SR 1n accordance with the sixth pretferred
embodiment. In FIG. 15, elements having the same functions
as those of FIGS. 3 and 7 are represented by the same refer-
ence signs.

In the sixth preferred embodiment, 1n addition to the unit
shift register SR of the third preferred embodiment, the
inverter constituted of the transistors Q6 and Q7 1s provided
like 1n the first preferred embodiment. As discussed in the first
preferred embodiment, the transistor ()7 has an on-state resis-
tance sulliciently lower than that of the transistor Q6, and the
transistors Q6 and Q7 constitute a ratio inverter. The transis-
tor Q6 1s connected between the third power supply terminal
s3 to which the high power supply potential VDD2 and the
node N2 (the gates of the transistors Q2 and Q2D) and diode-
connected. The transistor Q7 1s connected between the node
N2 and the first power supply terminal s1 and 1ts gate 1s
connected to the node N1 (the gates of the transistors Q1 and
Q1D). Specifically, this inverter uses the node N1 as its input
end and the node N2 as its output end. Further, the gates of the
transistors (Q4 and Q4D are connected to the reset terminal
RST like 1n the third preferred embodiment.

Therefore, 1n the unit shift register SR of the sixth preferred
embodiment, since the node N2 1s maintained at the H level
by the mnverter constituted of the transistors (06 and Q7 during
a period while the node N1 1s at the L level 1n the reset state,
the transistors Q2 and Q2D are on during this period. In other
words, while the unit shift register SR does not output the
output signal G (during a non-selection period for the gate
line GL), the gate line output terminal OUT and the carry
signal output terminal OUTD are maintained at the L level
with the low impedance. Therefore, the L-level potentials of
the gate line driving signal G, and the carry signal D, become
more stable and this prevents a maltunction of the gate line
driving circuit 30.

Unlike 1n the fourth and fifth preferred embodiments, since
it 1s not necessary to supply the clock signal to the gates of the
transistors Q2 and 2D, it 1s possible to reduce the alternat-
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ing-current power consumed by the unit shift register SR. In
other words, the sixth preferred embodiment has an advan-
tage of reducing power consumption 1n a clock signal gener-
ating circuit (the clock generator 31 of FIG. 8). Since the
transistors Q2 and Q2D are continuously at the H level, how-
ever, 1t should be noted that the shift of the threshold voltage
1s likely to be caused.

Further, the mput end of the inverter constituted of the
transistors (06 and Q7 may be replaced by the node N3 since
this causes no change in logical operation of the unit shift
register SR because of symmetry of the circuit. In such a case,
however, the gate capacitance of the transistor Q7 contributes
to the parasitic capacitance of the node N3 and this causes
reduction 1n amplitude at which the node N3 1s stepped up.
Then, the driving capability of the transistor Q1D decreases
and the rising/falling speed of the carry signal D, decreases,
and the effect of the present mvention may be thereby
reduced.

Since the step-up capacitor of the node N1 (the gate-chan-
nel capacitance of the transistor Q1 and the step-up capacitor
C) 1s larger than the step-up capacitor of the node N3 (the
gate-channel capacitance of the transistor Q1D and the step-
up capacitor CD), the influence of an increase 1n parasitic
capacitance exerted upon the step-up operation 1s smaller 1n
the node N1 than in the node N3. Therefore, it 1s preferable

that the input end of the inverter constituted of the transistors
Q6 and Q7 should be the node N1.

The Seventh Preferred Embodiment

The seventh preferred embodiment shows a variation of the
sixth preferred embodiment (FIG. 15). FIG. 16 1s a circuit
diagram showing a configuration of a unit shift register SR 1n
accordance with the seventh preferred embodiment. In FIG.
16, clements having the same functions as those of FIG. 15
are represented by the same reference signs. As shown 1n FIG.
16, though the unit shiit register SR of the seventh preferred
embodiment has transistors Q8 and (Q8D, other than this, the
circuit of FIG. 16 1s equivalent to the circuit of FIG. 15. The
transistor Q8 1s connected between the node N1 and the first
power supply terminal s1 (VSS) and 1ts gate 1s connected to
the node N2. The transistor Q8D 1s connected between the
node N3 and the first power supply terminal s1 and 1ts gate 1s

connected to the node N2.

In other words, when the nodes N2 and N3 rise to the H
level, the transistors Q8 and Q8D are turned on, to discharge
the nodes N1 and N3. Therefore, 1n the unit shuft register SR,
during a period while the transistors Q1 and Q1D are off

(during the non-selection period for the gate line GL), the
potentials of the nodes N1 and N3 are fixed to VSS by t

he
transistors Q8 and Q8D.

In the unit shift register SR of the sixth preferred embodi-
ment which does not have the transistors Q8 and Q8D (FIG.
15), there 1s a possibility that 1f the clock signal 1s inputted to
the clock terminal CK during a period while the transistors Q1
and Q1D are off, the levels of the nodes N1 and N3 may be
raised by the capacitive coupling through the gate-drain over-
lap capacitances of the transistors Q1 and Q1D. If the levels of
the nodes N1 and N3 rise, a current flows 1n the transistors Q1
and Q1D and this may cause a problem that the gate line
driving signal G and the carry signal D unnecessarily rise to
the H level during the non-selection period for the gate line
GL. On the other hand, the seventh preferred embodiment can
prevent the rise 1n level of the nodes N1 and N3 during the
non-selection period for the gate line GL and can thereby
suppress the above problem.
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The Eighth Preferred Embodiment

The problem discussed in the seventh preferred embodi-
ment that the levels of the nodes N1 and N3 rise during the
non-selection period for the gate line GL may be also caused
in the unit shift register SR of the first to sixth preferred
embodiments. The eighth preferred embodiment suggests a
umt shift register SR to take measures against the above
problem.

FIG. 17 1s a circuit diagram showing a configuration of a
unit shift register SR 1n accordance with the eighth preferred
embodiment. In FIG. 17, elements having the same functions
as those of FIG. 13 are represented by the same reference
signs. As shown 1n FIG. 17, the unit shift register SR of the
eighth preferred embodiment comprises a capacitive element
Cl connected between the node N1 and the second clock
terminal CK2 and a capacitive element C1D connected
between the node N3 and the second clock terminal CK?2, and
other than this, the circuit of FIG. 17 1s equivalent to the
circuit of FIG. 13.

Like 1n the fourth preferred embodiment, the clock signals
having different phases are inputted to the first and second
clock terminals CK1 and CK2. In the eighth preferred
embodiment, however, 1t 1s necessary to make a combination
in which the timing for the rise of the clock signal inputted to
the first clock terminal CK1 1s stmultaneous with the timing,
for the fall of the clock signal mnputted to the second clock
terminal CK2.

Also herein, the unit shift register SR of the n-th stage will
be discussed as a representative example, and 1t 1s assumed
that the clock signal CLK 1s inputted to the first clock terminal
CK1 and the clock signal /CLK 1s inputted to the second clock
terminal CK2 1n the unit shift register SR .

In the unit shift register SR, the transistors Q1 and Q1D
are oil during the non-selectlon period for the gate line GL,
and when the clock signal CLK of the first clock terminal
CK1 rises, the levels of the nodes N1 and N3 are ready to be
raised by the coupling through the gate-drain overlap capaci-
tances of the transistors Q1 and Q1D. Since the clock signal
/CLK of the second clock terminal CK2 falls, however, the
levels of the nodes N1 and N3 are brought down by coupling
through the capacitive elements C1 and C1D. In other words,
the Capacmve clements C1 and C1D so operate as to cancel
the rise 1n level of the nodes N1 and N3 caused by the clock
signal CLK.

Therefore, the eighth preferred embodiment can prevent
the rise 1n level of the nodes N1 and N3 during the non-
selection period for the gate line GL and can thereby suppress
the malfunction 1n which the gate line driving signal G and the
carry signal D unnecessarily rise to the H level during this
period.

Though the constitution 1n which the capacitive elements
C1 and C1D are provided in the umit shift register SR of the
tourth preferred embodiment (FIG. 13) 1s shown 1n FIG. 17,
the eighth preferred embodiment can be applied to any of the
above-discussed preferred embodiments.

The Ninth Preferred Embodiment

FIG. 18 1s a circuit diagram showing a configuration of a
unit shift register SR in accordance with the ninth preferred
embodiment. In FIG. 18, elements having the same functions
as those of FIG. 13 are represented by the same reference
S1gnS.

As shown 1n FIG. 18, in the unit shift register SR of the
ninth preferred embodiment, the reset terminal RST (the
gates of the transistors Q4 and Q4D) 1s connected to the
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second clock terminal CK2, instead of being connected to the
unit shift register SR of its succeeding stage. With this con-
nection, a clock signal having a phase different from that of
the signal inputted to the first clock terminal CK1 1s inputted
to the gates of the transistors Q4 and Q4D.

Further, the sources of the transistors Q4 and Q4D are
connected to the imput terminal IN. With this connection, the
gate line driving signal G, _, of the preceding stage 1s inputted
to the sources of the transistors Q4 and (Q4D. Since the node
N2 1s connected to the second clock terminal CK2 in the
circuit of FIG. 18, the circuit of FIG. 18 1s equivalent to the
circuit of FIG. 13 except that the signals inputted to the gates
and the sources of the transistors Q4 and Q4D are changed as
above.

Also herein, the unit shitt register SR, of the n-th stage will
be discussed as a representative example. It 1s assumed that
the clock signal CLK 1s mputted to the first clock terminal
CK1 and the clock signal /CLK 1s inputted to the second clock
terminal CK2 in the unit shift register SR . Since the opera-
tion of the umt shuft register SR of the ninth preferred embodi-
ment 1s basically the same as that in the third preferred
embodiment, herein FIG. 10 1s referred to again, for simple
discussion.

It 1s assumed that at time t,, the clock signal /CLK inputted
to the first clock terminal CK1 1n the preceding-stage unit
shift register SR _, rise to the H level and the gate line driving
signal G, _, and the carry signal D, _, of the preceding stage
are brought into the H level. At that time, though the gates of
the transistors Q4 and Q4D 1n the unit shift register SR are
brought mto the H level, the transistors Q4 and Q4D are not
turned on since the sources thereof are also at the H level.
Theretfore, the nodes N1 and N3 are charged to the H level
through the transistors Q3 and Q3D. The unit shiit register
SR, thereby changes from the reset state into the set state.

When the clock signal /CLK falls at time t,, though the gate
line driving signal G,_, and the carry signal D,_, of the
preceding stage are bought into the L level, since the transis-
tors Q3 and Q3D are turned off and the transistors Q4 and
Q4D are kept off, the levels of the nodes N1 and N3 are
maintained at the H level (VDD-Vth) 1n the floating state.

When the clock signal CLK rises at time t5, the nodes N1
and N3 are stepped up and the gate line driving signal GG, and
the carry signal D, are brought into the H level (VDD). Then,
when the clock signal CLK falls to the L level at time t,,, the
gate line driving signal G, and the carry signal D, of the unit
shift register SR, are also brought into the L level. The nodes
N1 and N3 thereby fall to the level of VDD-Vth.

When the clock signal /CLK rises at time t., since the gate
line driving signal G, _, 1s atthe L level, the transistors Q4 and
Q4D are turned on and the nodes N1 and N3 are discharged to
the L level. In other words, the unit shift register SR returns
to the reset state and the transistors Q1 and Q1D are turned
off. After that, when the clock signal /CLK {falls to the L level
at time t, the transistors Q4 and Q4D are turned off again.

Thus, the unit shift register SR of the ninth preferred
embodiment can operate 1n the same manner as the unit shift
register SR of the third preferred embodiment operates. In
other words, since the transistor Q3 1s quickly charged by
using the gate line driving signal GG, _, and the carry signal
D __, of the preceding stage, the ninth preferred embodiment
produces the same effect as that of the third preferred embodi-
ment.

Further, in the ninth preferred embodiment, it 1s not nec-
essary to connect each unit shift register SR to the succeed-
ing-stage unit shift register. Therefore, the flexibility in circuit
layout 1increases and this advantageously contributes to
reduction of the area for forming the circuit. Since the clock

10

15

20

25

30

35

40

45

50

55

60

65

26

signal 1s continuously supplied to the gates of the transistors
Q4 and Q4D, however, 1t should be noted that the alternating-
current power of the clock signal generating circuit (the clock
generator 31 of FIG. 8) increases.

Furthermore, though the gate line driving signal G of the
preceding stage 1s inputted to the sources ol the transistors (04
and Q4D of the unit shift register SR 1n the ninth preferred
embodiment, the carry signal D of the preceding stage may be
inputted instead. In such a case, however, since the load
capacitance on the carry signal output terminal OUTD 1n each
umt shift register SR increases, 1t should be noted that the
rising speed of the carry signal D decreases and the effect of
the present invention 1s slightly reduced.

Though FIG. 18 shows the constitution 1n which the signal
inputted to the gates and the sources of the transistors Q4 and
Q4D 1s changed in the unit shift register SR of the fourth
preferred embodiment (FIG. 13), the ninth preferred embodi-
ment can be applied to any of the other preferred embodi-
ments.

While the mvention has been shown and described in
detail, the foregoing description is 1n all aspects 1llustrative
and not restrictive. It 1s therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.

What 1s claimed 1s:

1. A shift register circuit comprising:

a first clock terminal and first and second output terminals;

a first transistor for supplyving a first clock signal inputted to

said first clock terminal to said first output terminal;

a second transistor for discharging said first output termi-

nal;

a third transistor for supplying said first clock signal to said

second output terminal;

a fourth transistor for discharging said second output ter-

minal;

a first driving circuit connected to a control electrode of

said first transistor, for driving said first transistor;
a second driving circuit connected to a control electrode of
said third transistor, for driving said third transistor;

said first driving circuit and said second driving circuit
perform charge/discharge of said control electrode of
said first transistor and charge/discharge of said control
clectrode of said third transistor, respectively, at the
same timing;
said first driving circuit includes a sixth transistor coupled
to said control electrode of said first transistor and dis-
charges said control electrode of said first transistor;

said second driving circuit includes an eighth transistor
coupled to the control electrode of said third transistor
and discharges said control electrode of said third tran-
sistor; and

a control electrode of said sixth transistor 1s connected to a

control electrode of said eighth transistor.

2. The shiit register circuit according to claim 1, wherein

a control electrode of said second transistor and a control

clectrode of said fourth transistor are connected to each
other,

a node connected to said control electrode of said first

transistor 1s a first node,

a node connected to said control electrodes of said second

and fourth transistors 1s a second node,

a node connected to said control electrode of said third

transistor 1s a third node,

said first driving circuit includes

a fifth transistor having a control electrode connected to a

predetermined input terminal, for charging said first
node;
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said sixth transistor having said control electrode con-
nected to said second node, for discharging said first
node, and

said second driving circuit includes
a seventh transistor having a control electrode connected to
said mput terminal, for charging said third node; and

said eighth transistor having said control electrode con-
nected to said second node, for discharging said third
node.

3. The shift register circuit according to claim 2, wherein

said first driving circuit further includes a ninth transistor
having a control electrode connected to a predetermined
reset terminal, for discharging said first node,

said shift register circuit further comprising,
an 1nverter using said first node as an mput end and said
second node as an output end.
4. The shift register circuit according to claim 1, further
comprising
a first capacitive element connected between said control

clectrode of said first transistor and said first output
terminal.

5. The shift register circuit according to claim 1, further
comprising

a second capacitive element connected between said con-

trol electrode of said third transistor and said second
output terminal.

6. The shiit register circuit consisting of a plurality of shift
register circuits according to claim 1 which are connected in
cascade.

7. The shift register circuit according to claim 1, wherein

a control electrode of said second transistor and a control

electrode of said fourth transistor are connected to each
other,

a node connected to said control electrode of said first

transistor 1s a first node,

a node connected to said control electrodes of said second

and fourth transistors 1s a second node,

a node connected to said control electrode of said third
transistor 1s a third node,

said first driving circuit includes

a fifth transistor connected between said first node and a
first input terminal, having a control electrode connected
to a second mput terminal;

said sixth transistor having said control electrode con-
nected to a predetermined reset terminal, for discharging
said first node, and

said second driving circuit includes

a seventh transistor connected between said third node and
said first or second input terminal, having a control elec-
trode connected to said second nput terminal; and

said eighth transistor having said control electrode con-
nected to said predetermined reset terminal, for dis-
charging said third node.

8. The shift register circuit according to claim 7, wherein
said second node 1s connected to said reset terminal.
9. The shift register circuit according to claim 7, wherein

said second node 1s connected to a second clock terminal to

which a second clock signal different from said first
clock signal in phase 1s inputted.

10. The shiit register circuit according to claim 9, wherein

said second transistor 1s connected between said first out-
put terminal and said first clock terminal, and

said fourth transistor i1s connected between said second
output terminal and said first clock terminal.
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11. The shift register circuit according to claim 7, further
comprising

an mverter using said first or third node as an mnput end and
said second node as an output end.

12. The shiit register circuit according to claim 11, further

comprising;

a ninth transistor having a control electrode connected to
said second node, for discharging said first node; and

a tenth transistor having a control electrode connected to
said second node, for discharging said third node.

13. The shiit register circuit according to claim 7, further

comprising;

a first capacitive element connected between a third clock
terminal to which a third clock signal different from said
first clock signal 1n phase 1s inputted and said first node;
and

a second capacitive element connected between said third
clock terminal and said third node.

14. The shift register circuit which 1s a multistage shift
register circuit, each stage of which 1s the shift register circuit
according to any one of claims 7 to 13, wherein

in said each stage,

said first mput terminal 1s connected to said first output
terminal of 1ts preceding stage,

said second input terminal 1s connected to said second
output terminal of 1ts preceding stage, and

said reset terminal 1s connected to said first output terminal
of 1ts succeeding-stage.

15. The shift register circuit according to claim 14, wherein

in said each stage,

an output signal from said second output terminal 1s faster
in speed of level change than an output signal from said
first output terminal.

16. The shiit register circuit according to any one of claims

7 to 13, wherein

said sixth transistor 1s connected between said first node
and said first or second input terminal,

said eighth transistor 1s connected between said third node
and said first or second input terminal, and

a fourth clock signal different from said first clock signal 1n
phase 1s mputted to said reset terminal.

17. The shift register circuit which 1s a multistage shift
register circuit, each stage of which 1s the shiit register circuit
according to claim 16, wherein

in said each stage,

said first mput terminal 1s connected to said first output
terminal of 1ts preceding stage,

said second input terminal 1s connected to said second
output terminal of its preceding stage, and

said fourth clock signal has the same phase as that of a
signal mputted to said first clock terminal of its preced-
Ing stage.

18. The shift register circuit according to claim 17, wherein

in said each stage,

an output signal from said second output terminal 1s faster
in speed of level change than an output signal from said
first output terminal.

19. An 1image display apparatus comprising

a gate line driving circuit formed of a multistage shift
register circuit,

wherein each stage of said multistage shiit register circuit
COmMprises

a first clock terminal and first and second output terminals;

a first transistor for supplying a first clock signal inputted to
said first clock terminal to said first output terminal;

a second transistor for discharging said first output termi-
nal;



US 7,825,388 B2
29 30

a third transistor for supplying said first clock signal to said said second driving circuit includes
second output terminal; a seventh transistor connected between said third node and
a fourth transistor for discharging said second output ter- said first or second input terminal, having a control elec-
minal; trode connected to said second 1nput terminal; and
a first driving circuit connected to a control electrode of 5 said eighth transistor having said control electrode con-
said first transistor, for driving said first transistor; nected to said predetermined reset terminal, for dis-
a second driving circuit connected to a control electrode of charging said third node.
said third transistor, for driving said third transistor; 22. The image display apparatus according to claim 21,
said first driving circuit and said second driving circuit wherein
perform charge/discharge of said control electrode of 10 1n said each stage,
said first transistor and charge/discharge of said control said first mput terminal 1s connected to said first output
clectrode of said third transistor, respectively, at the terminal of 1ts preceding stage,
same timing; said second input terminal 1s connected to said second
said first driving circuit includes a sixth transistor coupled output terminal of 1ts preceding stage, and
to said control electrode of said first transistor and dis- 15  said reset terminal 1s connected to said first output terminal
charges said control electrode of said first transistor; of 1ts succeeding-stage,
said second driving circuit includes an eighth transistor and wherein each of gate lines of a display panel 1s con-
coupled to the control electrode of said third transistor nected to said first output terminal of said each stage.
and discharges said control electrode of said third tran- 23. The image display apparatus according to claim 22,
sistor; and 20 wherein
a control electrode of said sixth transistor 1s connected to a in said each stage,
control electrode of said eighth transistor. an output signal from said second output terminal 1s faster
20. The image display apparatus according to claim 19, in speed of level change than an output signal from said
wherein first output terminal.
in said each stage, 25 24. The image display apparatus according to claim 21,
said first output terminal 1s connected to a gate line of a wherein
display panel, and in said each stage,
said second output terminal 1s connected to a input terminal said sixth transistor 1s connected between said first node
of 1ts succeeding-stage shift register circuit. and said first or second input terminal,
21. The image display apparatus according to claim 19, 30  said eighth transistor 1s connected between said third node
wherein and said first or second input terminal,
in said each stage, said first mput terminal 1s connected to said first output
a control electrode of said second transistor and a control terminal of 1ts preceding stage,
clectrode of said fourth transistor are connected to each said second input terminal 1s connected to said second
other, 35 output terminal of its preceding stage, and
a node connected to said control electrode of said first a fourth clock signal having the same phase as that of a
transistor 1s a {irst node, signal mputted to said first clock terminal of its preced-
a node connected to said control electrodes of said second ing stage 1s mputted to said reset terminal,
and fourth transistors 1s a second node, and wherein each of gate lines of a display panel 1s con-
a node connected to said control electrode of said third 40 nected to said first output terminal of said each stage.
transistor 1s a third node, 25. The image display apparatus according to claim 24,
said first driving circuit includes wherein
a fifth transistor connected between said first node and a in said each stage,
first input terminal, having a control electrode connected an output signal from said second output terminal 1s faster
to a second 1nput terminal; and 45 in speed of level change than an output signal of said first
said sixth transistor having said control electrode con- output terminal.

nected to a predetermined reset terminal, for discharging
said first node, and % k% %
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